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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

ALTITUDE WIND TUNNEL INVESTIGATION OF THE PROTOTYPE J40-WE-8
TURBOJET ENGINE WITHOUT AFTERBURNER

By John E. McAulay and Harold R. Kaufman

SUMMARY

An investigation was conducted in the ILewls altitude wind tunnel
to evaluate the performance characteristics of the prototype J40-WE-8
turbojet engine without an afterburner. Data were cbtained with an
electronic control operative and inoperative. The performesnce data were
obtained at altitudes from 15,000 to 60,000 feet and flight Mach num-
bers of 0.17 to 1.68.

Fixed-exhaust-nozzle data showed that in general increasing alti-
tude resulted in an increase in corrected net thrust at a given correc-
ted engine speed. These data also showed that above a corrected engilne
speed of 7000 rpm a change in altitude at a given corrected engine speed
had no effect on the corrected air flow. A method is presented to
define the effect of changes 1n engine operating and flight. conditions
on the pumping and air-flow characteristics and the combustion effi-
ciency., This made it possible to calculate thrust and fuel flow for
conditions other than those at which the data were obtained. These cal-
cuwlated values were in close asgreement with values obtained in the direct
investigation.

INTRODUCTION

As part of a comprehensive investigation of the J40 turbojet
engine conducted st the NACA Iewis altitude wind tunnel, the steady-
state engine performance of the prototype J40-WE-8 turbojet engine with-
out afterburner was obtained and is presented herein. Preliminsry per-
formance tests of an earlier model, the XJ40-WE-6, revealed & severe
surge condition in the compressor at high corrected engine speeds (ref-
erence 1). A basic redesign of the compressor and other modifications
in the compressor and the combustor were Iincorporated in the XJ40-WE-8
turbojet engine (references 2 and 3). In this report the modified
engine is designated "the prototype J40-WE-8 without afterburner.”

Performance data presented herein were obtalned over a range of
engine speeds at five fixed settlngs of the varigble-ares exhaust nozzle.
These data were obtained m 15,000 to 45,000 feet and at
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flight Mach numbers of 0.62 and 0.99. Data were also obtained with an
open exhaust nozzle at altitudes of 50,000 end 55,000 feet at—a flight
Mach number of 0.62. In additidh, some data weré dbtalned at flight
Mach numbers as high as 1.68 at altitudes of 55,000 and 60,000 feet by’
8 different method of simulation wherein engine-inlet temperature and
pressure, but not tunnel static or altitude asmbient pressure, are repra-
duced. The use of the engine pumping characteristics made it possible
to calculate engine performance for a greater range of flight Mach num-
bers and altitudes than were experimentally investigated.

The data obtailned at fixed settings of the varilasble-srea exhaust
nozzle are presented in both graphical and tebular form. In addition,
data with an electronic engine control operative are also presented in
tabular form.

APPARATUS AND INSTALLATION

The prototype J40-WE-8 turbojet engine without afterburner has a
static sea-level thrust rating of 7500 pounds at an engine speed of
7260 rpm and & turbine-inlet temperature of 1885° R (1425° F). At this
operating condition the alr flow is approximately 142 pounds per second.
The engine components included a divided .inlet duet {fig. l), an eleven-
stage axial-flow compressor, an snnular combustor, a two-stage turbine,
e tall pipe, and a variable-srea exhaust nozzle. Without the after-
burner the engine length is 186 inches and the maximum diemeter 43 inches.
The dry welght of the engine and accessories ls about 3000 pounds.

The engine was mounted on a wing section that spanned the 20-foot-
diameter test section of the altitude wind tunnel (fig. 2). Dry refrig-
erated ailr was supplied to the engine from the tunnel mske-up air system
through a duct which was divided and connected to the engine inlets.
Throttle valves installed in the main duct permitted regulation of the.
pressure at the engine inlet. -

Engine thrust and drag measurements by the tunnel balance gecales
were made possible by the frictionless slip jolnt located 1n the msin
duct upstream of the engine. Instrumentation for measuring pressures
and temperatures was installed at verious stations in the engine (fig. 3).
Pressure measurements at -the exhaust=nozzle inlet were avallable Ffor only
a small portion of the investigation. Turbine-inlet rsdial temperature
distributions were determined by ten traverssble sonic-flow thermocouple
probes.
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PROCEDURE

Engine performsnce data presented in this report were obtained at
the flight conditions shown by the following table:

Altitude Flight Mach number
(£t)
0.17({0.62{0.92(0.9911.19(1.48(1.88
15x103 x *
35 x |x * x *
45 x ¥
50 X
515) x v v v v
60 a4 v v v

¥eontrol data
*rixed exhaust-nozzle dats

/rated speed, "military" and "normsl®
turblne-inlet temperatures

The control scheduled data included open-exhaust-nozzle operating
lines. The fixed-exhaust-nozzle date were obtained at projected exhaust-
nozzle areas of 367, 421, 449, 479, and 535 square Inches at several
engine speeds for each exhaust-nozzle area. The fixed-exhaust-nozzle
date are given in table I. Similarly, the control date are given in
table ITI but are not presented graphically because standard inlet tem-
peratures could not be maintained for several flight conditions.

In order to obtain the various flight conditlons, the air flow
through the make-up air duct was throttled from epproximately ses-level
bressure to a total pressure at the engine inlet corresponding to the
desired flight Mach number at a given altitude. For most of the runs,
the tunnel pressure was set at the desired altitude smbient pressure.
In the calculation of £light Mach nunber, complete ram-pressure recovery
at the engine inlet was agsumed., g'I'he temperature of the inlet air
approximated NACA standard values except that the minimum temperature
obteined was sbout 440° R. The engine fuel used was MIL-F-5624 having
8 lower heating value of 18,700 Btu per pound and s hydrogen-~carbon
ratio of 0.171. The fuel temperature entering the engine fuel system
was about 80° F,

The altitude at which standard altitude pressure could be main-
tained is 1imited by exhauster capaclty. To extend the range of the
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investigation to higher flight Mach numbers and altitudes, a technique
was used wherein the engine performance could be obtelned irrespective
of tunnel pressure, as long as the tunnel pressure was less than the
exhaust-gas total pressure. The engine-inlet pressures and tempera-
tures which would exist at these flight conditions were reproduced while
the pressure altitude in the tunnel test section was malntalned at any
convenient value., The varisble-area exhaust nozzle was adjusted as
necessary to obtain the desired values of engine temperature ratio. As
indicated in reference 4, for given engine-inlet conditions and fixed .
engine speed, the engine air flow, fuel ¥low, and pressure ratio are not
dependent on the ambien*t-air pressure for operation at a given engine-
temperature ratio. The thrust was calculsted from measured values of
turbine-outlet pressure and temperature and engine air flow by the
method given in eppendix A.

RESULTS AND DISCUSSION
Generalized Performence

Typical engine performsnce data obtained at a flight Maech number .
of 0.62 and at two exhaust-nozzle areas are shown for altitudes from
15,000 to 55,000 feet in figure 4. The two exhaust-nozzle areas chosen
were the largest and smallest at which a full range of engine speeds
was obtained. These data have been corrected by the factors & and 8
derived in reference 5 and defined in appendix A.

The effect of altltude on corrected air flow is presented in fig-
ures 4{a) and 4(b). At corrected engine speeds sbove 7000 rpm, the
data generalized tc a single curve; however, at corrected engine speeds
below 7000 rpm, the corrected air flow decreased ag altitude was
increased at a gilven corrected engine speed.

The corrected fuel filow (figs. 4(c) and 4(d)), the corrected spe-::
cific fuel consumption (figs. 4(e) and 4(f)), end the corrected exhaust-
gas temperature (figs. 4(g) and 4(h)) increased as altitude was increased
at a glven corrected engine speed.

Decreases in compressor and turbine efficiencies resulting from the
lower Reynolds numbers at the higher altitudes required an increase in
corrected enthalpy rise per pound across the engine to maintain the same
corrected engine speed. Higher compressor pressure ratios resulted from
the higher corrected temperastures at the turbine inlet (reflected by
turbine-outlet temperatures). At high corrected engine speeds, the
corrected air flow dld not vary eppreclebhly with compressor pressure
ratio snd no shift in the compressor characteristlic curves occurred with
altitude; hence, the corrected air flow generallzed. "At lower corrected
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engine speeds (below 7000 rpm), the effect of higher compressor pressure
ratio and the shift in the compressor characteristics resulted in lower
corrected air flows for higher altitudes.

Examination of the data shows that corrected enthalpy rise across
the engine increased with sltitude as & result of the higher corrected
tempergture rise across the englne even at low speeds where the correc-
ted alr flow decreased. This corrected enthalpy rise required an
increase in corrected fuel flow. However, as the combustion efflciency
is adversely affected by both high altitudes and low engine speeds (ref-
erence 6), the effect of altitude on corrected fuel flow (and corrected
specific fuel consumption) will be even greater than would be expected
from consideration of changes 1n corrected exhaust-gas temperature and
air flow, especlslly at low corrected englne speeds,

Except at low corrected engine speeds, the corrected net thrust
increased as sltitude was increased at a given corrected englne speed
(figs. 4(1) and 4(j)). Even at low corrected engine speeds this trend
was evident at altitudes above 50,000 feet. These trends in corrected
net thrust, which are similar to those shown in reference 7, are due to
changes in corrected air flow, exhasust-gas temperature, and turbine-
inlet pressure which are affected by decreased component efficiencies
with increased altitude. At lower corrected engine speeds where the
change in corrected net thrust with altitude is less (in some cases
nonexistent) the decrease in corrected air flow offsets the increase in
corrected exhaust-gas temperature and pressure.

Performance Maps

The engine performance maps presented in figure 5 were cross-
plotted from data shown in figure 4 and similar data for other exhaust-
nozzle sreas. A mep was constructed for each of the four flight con-
ditions at which data for a full range of exhaust-nozzle areas and
engine speeds were obtained. The coordinates of these maps are exhaust-
gas temperature and engine speed with lines of constant net thrust,
specific fuel consumption, and projected exhaust-nozzle area superimposed.
Also shown are lines that Indicaste the exhaust-ges temperature that gives
limiting turblne-injet bulk and local temperatures. The limiting loecal
turbine-inlet temperature 1s reached when the temperature at any radial
position at the turbine inlet equals the manufacturer's specified limit
for that particular radiel position (reference 3). Curves shown sgbove
this latter limit were extrapolated.

The minimum specific fuel consumption encountered at these four
flight conditions was gbout 1.20 pounds per hour per pound thrust and
occurred at an altitude of 35,000 feet and a flight Mach number of 0.62
(fig. 5(c)). At the other flight conditions investigated, the minimum

congliliinb
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specific fuel consumption was about 1.25 pounds per hour per pound -
thrust. At high engine speeds, closing the_ exhaust nozzle from an area
of 421 to 367 square inches resulted, in generalijiﬁ'an increase in
specific fuel consumption. This incresse is associated with a reduc-
tlon in campressor efficiency as the compressor pressure ratio 1s

increased (reference 2).

As total pressure at the engine inlet was reduced, the exhaust-gas
temperature at which limiting turbine-inlet local temperature occurred . .
approached the exhaust-gas temperature at which limiting turbine-inlet
bulk temperature wes encountered (fig. 5). As stated in reference 3,
this is caused by the closer metching of the tirbine-iniet” temperature'”
profiles with the menufacturer's specified profile as the engine-inlet
total pressure was decreased. I thé actiigl @nd the recommended pro-
file were 1dentical, the exhaust-gas temperature would, of course, be
the same for either turbine-inlet limit. Because of mismstching of
these profiles at low altitudes, only sbout 95 percent of the maximum
net thrust possible could be realized without exceeding the local

turbine-inlet. temperature limit (fig. 5(a)).

In the region above 75 percent of maximum net thrust for any flight
condition, no large difference in specific fuel consumptlion was obtained
for any particuler schedule of exhaust=nozzle area and engine speed.
Therefore, the exhaust-nozzle schedule used is not critical insofar as
steady~state performance is concerned. Acceleration and thrust modula- -
tion are therefore the determining factors in the manufacturer's selec-
tion of an exhaust-nozzle schedule. The steady-state exhaust-nozzle
schedule that allows. the exhaust nozzle to remain open until rated
engine speed is reached sppears to glve the best transient performance
because: (1) the maximum rate of acceleration is possible, and (2)
large increases in thrust mey be obtalned almost instantaneocusly by
closing the exhaust nozzle at any engine speed. For example, at an
engine speed of 6500 rpm, an altitude of 15,000 feet, and a flight Mach
number of 0.62, it is possible to cbtain abou£ 55 percent thrust modu-
lation. Using the previous example as a qpalité%ive but not quantita-
tive guide, by operating with the exhaust nozzle open at the reduced
thrust levels required during a landing approach or cruise condition, =&
large and almost instantaneous thrust increase is available in case of
a "wave-off" or similar maneuver.

Use ofPumping Characteristics and Compustion Efficiency to
Calculate Engine Performance
It is desirsble to be able to calculate engine performance at

flight conditions other than those presented in this report. In order-
to do this from pumping characteristics, it i®m necessary to define the

=
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effect of a change in englne operating and flight condition on several
engine parameters. To meet this requirement, the effect of Reynolds
nunrber on engine pumping end air-flow characteristics must be deter-
mined. It is also necessary that the variation of combustion efficilency
and effective velocity coefficient of the exhaust nozzle be defined in
terms of engine parameters that are readily availsble. In the following
paragrephs these relstions will be discussed mnd the curves necessary
to calculate engine performance will be presented. It 1s important to
note that engine pressure ratio does not include inlet-duct losses.
Performaence including duct losses may be calculated 1f these losses are
known.

Engine air flow and pressure retlio. - Englne air flow and pressure
ratio are shown as functions of engine temperature ratio for constant
corrected engine speeds at a Reynolds number index of 0.222 in fig-
ures 6(a) and 7(a), respectively. Correction factors which account for
the effect of Reynolds number on the air-flow and pumping characteristics
are presented in figures 6(b) and 7(b). The correction factor for cor-
rected alr flow is the ratio of corrected alr flow at the Reynolds num-
ber index in question to the corrected air flow at a Reynolds number
index of 0.222. Similarly, the correction factor for engine pressure
ratio 1s the ratio of pressure ratioc at the Reynolds number index in ques-
tion to the pressure ratlo at a Reynolds number index of 0.222. Selection
of the reference Reynolds number index (0.222 in this case) was made in
order to utilize the high corrected engine speeds and engine temperature
ratios investigated at this Reynolds number index.

Combustlion efficiency. - Combustion efficiency is presented as a
function of a combustion parameter WgTg i1in figure 8. The restrictions
imposed by the derivation of this parameter, which is given in appen-
dix B, are that the corrected engine speed be gbout 75 percent of rated
speed or greater, and that the engine temperature rise be 700° F or
more.

Fuel flow. - With the assumption of unity combustion efficiency,
engine temperature rise 1s plotted as a function of fuel-air ratio with
lines of constant engine-inlet air temperature in figure 9 (data from
reference 8). The use of this figure in conjunction with figure 8
makes 1t possible to calculate an actual fuel-air ratio. All the vari-
ables required to obtain fuel flow and ideal thrusts (no tail-pipe or
nozzle losses) have been presented in figures 8 through 9.

Effective velocity coefficlent. - An effective velocity coefficient
given in figure 10 1s required to calculate actual values of thrust.
An explanation of the parasmeters used on this figure is given in appen-
dix A.




8 C NACA RM E52K10

A sample prohlem demonstrating the use of figures 6 through 10 is"
given in sppendix C.

Engine Performance Obtained from Pumping Characteristics
and Direct Experimental Data

Net thrust and fuel flow for the miljtary and normal engine operat-
ing conditions are presented as a function of true alrspeed for seven
altitudes in figures 11 to 13, The date presenteﬁfin figure 11 were
calculated by means of the pumping chazacter;stics and supplementary
curves (figs. 6 to 10). Data presented on figure 12 were obtained from
experimental data, using the method described earlier which avoids the
necessity of duplicating flight ambient pressure "in the tunnel test
section. Figure 13 presents both experimental and calculated data. The
experimental date shown in figures 12 and 13 were obtalned at flight
Mach numbers as high as 1.68. For militery and normal conditions, the
engine speed 1s 7260 rpm and the exhsust-gas temperatures are 1580° and
1440° R, respectivelg These temperatures correspond to turbine-inlet -

temperatures of 1885° and 1750° R.

These dsta show that at low flight speeds (fig. 11(a)) the net
thrust decreased as flight speed was incressed from O to sbout 275 knots.
Above flight speeds of sbout 275 knots (figs. 11 to 13), the net thrust
increased with flight speed at an increasing rate up to a flight speed
of sbout 900 knots. Further increase in flight speed resulted in a .
decrease in the rate at which net thrust increased (figs. 11(d) to 13).
This latter trend is associsted with the relation of inlet-gir temper-
ature to flight speed and the effect of reduced corrected engine speed
and engine temperature ratio on the engine pressure ratlo. TFuel flow
increased with flight speed over the entire range of flight speeds. B

A comparison of experimental data and data calculated from pumping
characteristics is possible at an altitude of 60,000 feet (fig. 13).
For the curves showlng military operation, the maximum discrepancy in
both net thrust and fuel flow is about 2 percent at high flight speeds.
The curves showing normal operation are not in as close agreement, the

maximum difference being about 4 percent at high flight speeds.

SUMMARY OF RESULTS

Fixed-exhaust-nozzle performence data were obtained at altitudes as

high as 55,000 feet and flight Mach numbers as high as 0.99. In general,

increasing the altitude resulted in an increase in corrected net thrust
at a given corrected engine speed. Above a corrected engine speed of
7000 rpm, changing altitude at a given corrected engine speed had no
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effect on corrected air flow. However, below a corrected engine speed
of 7000 rpm, the corrected air flow decreased as altitude was increased
at a glven corrected engine speed. For the four flight conditions at
which engine performance maps were obtailned, the minimum specific fuel
consumption was sbout 1.20 pounds per hour per pound of thrust and
occurred at an altitude of 35,000 feet and a flight Mach number of 0.62.
The effect of exhaust-nozzle area and engine speed on specific fuel
consumption was small at thrust levels above 75 percent of maximum,

The selection of a schedule of exhaust-nozzle area and engine speed is
therefore primsrily dependent on the consideration of the acceleration
characteristics.

A method is presented to define the effect that a change in engine
operating and flight condition would have on engine-pumping and sir-flow
characteristics, and combustion efficiency. This permits the calcula-
tion of net thrust and fuel flow for conditions at which data points
were not obtained. These calculated values agreed closely with the
actual values obtained. Curves of thrust and fuel flow for both mili-
tary and normel operating conditions sre shown for altitudes from 15,000
to 60,000 feet and flight speeds of zero to 1100 knots.

Lewls Flight Propulsion Laboratory
Netional Advisory Committee for Aeronautics
Cleveland, Ohilo
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APPENDIX A

SYMBOLS AND METHODS OF CALCULATION
Symbols
The following symbols are used in this report:
cross-gectional area, sq ft
thrust scale_reading, 1b

effective velocity coeffilcient, ratio of scale jJet thrust to
Jet thrust calculated at turblne outlet

external drag of i1lnstalliatlon, 1 =~ ~~° — ~
jet thrust, 1b

net thrust, 1b

ecceleration due to gravity, 32.2 ft/sec?
constant

Mach number

engine speed, rpm

total pressure, 1b/sq ft abs
static pressure, 1b/sq ft abs
gas constant, 53.4 ft-1b/(1b)(°R)
total tempersture, °R

static temperature, °R

rake

veloeity, ft/sec or knots—-.- — B
air flow, 1b/sec
gas flow, 1b/sec
fuel flow, 1b/hr

ratlo of specific heats
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B ratio of engine-inlet sbsolute total pressure to absolute static
pressure of NACA standard atmosphere at sea level

T, combustion efficlency
P density, slugs/cu ft

e ratio of engine-inlet absoclute total temperature to absolute static
temperature of NACA stendard atmosphere at sea level

® ratio of absolute viscosity of alr at the engine inlet to the abso-
lute viscosity of NACA standard atmosphere at sea level

5 Reynolds number index

P46
Subscripts:

e equiveaelent
eff effectlve

i indicated

r rake
2] gscale
0 free stream

1 inljet duct

2 engine inlet

3 compresgsor inlet

4 compressor outlet or combustor inlet
S combustor outlet or turbine inlet

6 turbine outlet

7 exhaust-nozzle inlet
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Method of Calculations

Flight Mach number. - The flight Mach number, when complete ram-
pressure recovery was assumed, was calculated from the expression

Yot

_ | 2 [(B2\T2. _
= ez () )

Alrspeed. - The following equation was used to calculate airspeed:

Tz‘l

Vo = o A| vERT <§—‘2’> "2 (2)

Temperature, - Total temperatures were determined from indicated .
temperatures by the following relation:

-1

T = 1 (%) (3)
1 +0.85 (%)T -1

where 0.85 is the impact recovery factor for the type of thermocouple
used., .

Alr. flow. - The air flow was determined from pressure and tempera-
ture measurements by the following equation:

r1~-1
2r18 Py T1
W, . = DA i -1 (4)
a,l 171 -(_—T—Tl-l Rtl <pl

eele
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Gas flow. - The gas flow downstream of the combustor was calculated
as follows: C

W
= £
Wg,5 = Wa,l + z== (5)

Scale thrust. - Values of thrust based on scale measurements were
found for both the datae with fixed-exhaust-nozzle areas and control-
scheduled data. The Jet thrust of the installation was determined from
the balance-scale measurements by using the following equation:

Fs

Wa,1 V1
,a=B+D+ 251 1 == + A3 (p1-Po) (6)

When & tall rske was installed, the drag of the reke was added to the
right side of the equation. The last two terms of this expression repre-
sent the momentum and pressure forces on the installation at the slip
Joint in the inlet-air duet. The external drag of the installation was
determined with the engine inoperstive.

Scale net thrust was obtained by subtracting the free-stream momen-
tum of the inlet air from the scale jet thrust:

W Vv
= _ 8,10
Fn,s = Fy,8 - —5— (7)

Calculated thrust. - For the data shown in figures 11 through 13,
thrust was calculated from conditions at the turbine outlet. For the
experimental data, turblne-outlet conditions were measured; while, for
data calculated from pumping charascteristics, the turbine-outlet condi-
tions were predicted from data at other flight conditions.

Ideal Jjet thrust was calculated from conditions at the turbine
outlet by the following equation:

W

. 8,6
Fy,r = —g Verr (8)

In a perfect converging exhaust nozzle,

Yg,6
123

Vepr = Vp + (9)
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where V,, A,, and p, are the velocity, the area, and the static pres=
sure at the vena contracta. The term Veff/quRTG is called the effec-

tive velocity parameter and is a function of the exhaust-nozzle pressure
ratio and specific heat ratio, as given in figure 14, A further discus-
sion of the effective velocity concept is given in reference 9.

The thrust calculated by equation (8) is an ideal thrust in that
it does not include total-pressure losses in the tail pipe and the
exhaust nozzle. These losses may most easlly be consldered by means of
an effective velocity coefficient (fig. 10), which 1is defined as the
ratio of scale Jet thrust to Jjet thrust caelculated at turblne-outlet
canditions. The effective velocity coefficient was obtalned from the
datae given in tebles I and IT and was found ta be primerily a function
of turbine-outlet Mach number. Inasmuch as it is impractical to calcu~
late turbine-outlet Mach number by means of a static pressure, a more
practicel means was used. From continuity considerstions

W
—ﬁ%ﬁg = £(Mg) (10)

where K 1s & constant equal to the effeciive flow area at the turbine
outlet. In the data presented in figure 10, in which effective veloeity
coefficient C,, is shown as a function of turbine-outlet gas-flow

parameter Wg,64/T6/P6 the constant K has been included in the values
of the gas-flow parameter on the abscissa, -

For the data for which calculated rather than scale values of iz
thrust were used, the exhaust-nozzle pressure ratios pO/PG may be

below the limit imposed by the tunnel equipment. However, effective
velocity coefficiente based on a convergent nozzle are only slightly
affected at exhaust-nozzle pressure ratios below critical.

|
iR |

1

i
|
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APPENDIX B
DERIVATION OF COMBUSTION PARAMETER, W,Tg

If the turbine nozzles are assumed choked,

2733
e
E
ol

= Ky (11)

Experimental results from various engines show that in the range of
operation where the turblne nozzles are choked the following relation
is valid: I -

Ts = KoTg (12)

Combining the two equations ylelds

WaNTg - Ky

g (13)
P5 A/ Ko
) Wy AT . Kq (10)
A Fo WK,
or . -
P NEQWvas
4= oy (15)

Because the Mach numbers are low at the combustor inlet (M< 0.2), the
total temperature and pressure can be used with little error in place of
the static temperature and pressure so that

Py
Py = gRT, (18)
and. -
. W_RT
4
Vg = P&A (17)
474
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Substituting equations (15) and (17) for pressure and velocity, respec-
tively, in P,T,/V, yields the following equation:

PyTy - KoAWoTg
Va

(18)
2
K;“R
The parameter P4T4/V4= has often been used to correlste combustion

efficiency. Because all the terms in the right side of equation (17)
are consgtants except WTg, it may be used in place of P4T4/V4 to
correlate combustion efficiency.

geLz |
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The thrust and
run 54 of table II.

APPENDIX C

SAMFIE FPROBLEM

The following quantities are 'known:

Do = 222 1b/sq ft

Py

T

2
From these quantities

= 288 1b/sq £t

435° R

7934 rpm

Te/T, = 3.50

5 = 0.1361

6 = 0.838

From figures 6(a) and 7(a),

(i_:'>s,épﬁ = 0.22

®

(ﬁa\/g

5/oa/6 = 0.222

From figures 6(b) and 7(b),

Therefore

Tg = 1532° R

N = 7260 rpm

the followlng perameters may be calculated:

N/AE

A/6 = 0.915
8/on/6 = 0.168

Vo = 610 ft/sec

= 2.130
2

= 148.2 1b/sec

Correction factor for pressure ratio = 0.992

Correction factor for corrected air flow = 1.000

(WT>5/C{>,\/5 = 0.168

(%)a /®N6 = 0.168

an/®

= 2.113

148.2 1b/sec

17

the fuel flow are calculated for the conditions of
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(Wads fpp/G = 0.168 = 22:04 1b/sec

(Pe)s pn/7 = 0.168 = 809 To/ea £t

!

In order to calculate fuel flow and thereby obtein gas flow, the
following steps are required:

WoTg = (22.04)(1532) = 3.38X10% (1b) (°R)/sec

From figure 8,

T‘b = 0-928

The englne tempersture rise is

—_ e}
Tg - Ty = 1097° R

From figure 9,

(Wp/3600 Wg)1gea1 = 0-0152. .

The actual fuel-alr ratio is

The gas flow

0.0152
(Wg/3600 Wo)gotual = ggog = 00164

is

Wg,g = Wal L+ (Wg/3600 W) actual |
= (22.04)(1.0164)

= 22.40 lb/sec

The next steps in the calculation of thrust are as follows:

po/Pg =

it

T

222/609

0.365

1.336 for a Wg/3600 W, of 0.0164 and a Tg of 1532° R

From figure 14, . . " L

Verr

NeRTg
R

= 1.328

gel2
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and

© Vepp = 1.328 ,\/(32.2) (53.4)(1532)

2155 ft/sec

The ideal or rake Jet thrust is

Fyr = (Wg,6/8) Veer
22.40
= 22>~ (2155)
= 1499 1b
The inlet momentum i1s
W
a,l _ 22,04
( = ) Vo = 335 (610)
= 418 1b
The ideal or rake net thrust is
Wa,1V0
Fn,r = Fj,r - _:g__
= 1499 - 418
= 1082 1b

The fuel flow is

=
It

e = 3600 Wy [(Wf/3600 Wa.,l)actua]]

(3600)(22.04)(0.0164)

1301 1b/hr

Values of calculated ideal net thrust and fuel flow are 1082 pounds
and 1301 pounds per hour, respectively. The values from the data are
1087 pounds and 1292 pounds per hour. Therefore, the calculated values
are 0.37 percent low for ideal net thrust and 0.70 percent high for fuel
flow. : :



20 R

NACA RM ES52K10

In order to calcuiate an actual or more realistic thrust, it is

necessary to obtain an effective veloeclty coefficient.
steps are required:

Wa64/Te 22.404/1532
= = 1.439
Pg 609

Using this value and figure 10,

Cy = 0.940

The actusl Jet thrust 1s

(Fj) Cv (Fj,r)

actusl

(0.940)(1499)

1409 1b

The actual net thrust is

wﬁ,lvb

7 -
(F,) actual g

N getusl

(Fy)

1409 - 418

991 1b

The specific fuel consumption is

1301
We/Fy = =57 = 1.313

The following

It shonld be noted that for any engine condition for which the
performence may be desired, the corresponding engine gpeed and exhaust=-
gas temperature must be within the physical capabilities of the exhaust

nozzle. This can be verified by the data of figure S.

eeLe
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Altitude Ram Flight|Tunnel static |Reynolds Equivalent Engine- {Aatual {Corrected|Ideal |Aotual |Corre ted] Ideal
{re) preseurs| Mach pressurs number jambient-air|iniet total|engine sngine net net net Job
ratio | number Py index temperature |tewperature|speed aspeed thrust) thrust t hrust o
P2/Po (1d/3q £t abs)[2?2vFE %0, 2 (r:-) N9 | Par | Pa,e |Fa,s’®2 | Poor 3
(°n) (°r) (rpm) (2] | (1} (13} (1v) W
]
- - Exhaust-norsle -
11 15,000 | 1.298 |O.622 1187 0.758 464 500 6834 6658 4001 1 3749 5151 5882
2 1.301 .825 1184 . 756 485 S01 8353 8487 3511 | 3285 2472 8318
3 1.298 821 1183 154 464 500 6171 6288 5089 2827 3901 4762
4 1.298 .622 1186 .767 464 500 5808 5918 2296 | 2038 3845
3 1,288 <815 1180 754 483 500 5082 517¢ 1100 897 1577 2522
6} 35,000 1.303 |0.827 479 0.558 413 445 6171 8868 1891 1513 5332 2439
T 1.303 .827 478 558 413 446 89 6483 1487 1363 4821 2201
3 1.3504 .628 477 .385 443 448 5808 8267 1279 1218 4142 1852
4 1.299 523 478 554 414 446 5445 5878 925 855 2914 1521
10 1.298 $21 479 354 414 446 8082 5483 886 588 1836 1185
11 1.6873 .992 478 482 380 487 6987 2677 | 436 5781 4414
12 1.873 9882 473 484 386 463 8353 728 2368 ——— — 4019
13 1.869 .980 479 488 389 485 6171 68517 2051 ——— —— 3639
14 1.872 991 478 479 383 470 56808 5104 1457 { 1513 3104 2898
15 1.883 .887 481 .480 393 468 5082 53548 615 493 11684 1802
16 | 45,000 1.295 0.619 288 0.221 404 435 5880 €541 983 as4 5015 1377 R
1?7 1.527 549 286 224 402 438 5608 6337 840 188 44 1257
18 1.3511 -834 288 .222 404 457 5445 5835 810 567 3176 278
198 1.515 .836 289 222 405 438 5082 5534 428 571 20689 761
- - “¥xhaust-nozELe |
20| 16,000 1.292 | 0.618 1186 468 504 7260 7369 4645 | 4382 8052 8781 B
21 1.291 .816 1184 468 503 7079 7192 Ok | 4114 5894 8388
a2 1.292 +616 1188 487 503 £6a87 7007 3946 3187 5181 5874
23 ——— -——— 1188 —— 504 8716 6817 —— — —— ————
24 1.285 .819 183 487 505 6534 88359 3138 2988 4786 8029
25 1.295 618 1179 467 505 8171 8270 23583 64 3136 4088
26 1.201 .816 1185 469 505 5808 5889 1708 1613 2231 3281
27 1.295 -818 1184 468 505 5082 5153 751 662 914 2016
28| 55,000 | 1.503 | 0.827 479 411 443 7260 7063 2265 | 2183 7229 3180 -
29 1.297 621 479 412 44l 7078 7682 2160 2061 6984 3058
50 1.297 621 478 412 444 8897 1458 1989 19%1 8857 2852
351 1.293 619 479 412 44 8718 7280 1875 1783 6084 2731
32 1.302 .626 479 412 4 6534 7063 1716 { 1575 8346 2561
33 1.300 .624 479 413 445 6171 €665 1333 § 1271 4319 2106
34 1.298 622 478 413 445 5808 £§273 9738 905 5087 1667
35 1.302 .626 479 413 445 5092 5489 489 407 1381 1017
36 1.862 .982 481 584 470 7260 7830 2909 | 272¢ 8472 4835
37 1.867 .989 479 391 487 7078 T4EL 2783 2580 6104 4703
38 1.850 .881 478 382 487 eag7 7268 2542 2392 5724 4398
38 1.865 .988 473 395 472 6718 7045 2291 2124 5030 4106
40 1.857 .984 481 400 478 6534 6808 1897 1928 4567 3736
4) 1.851 .988 478 5684 471 8171 8480 1822 1378 3278 3144 -
42 1.863 .987 480 393 469 5808 6110 1049 876 2071 2535 [
43 1.850 9681 481 334 470 5082 5341 310 205 487 1502
44| 45.000 | 1.287 0.612 290 407 437 7079 7718 1385 1319 7479 1914
45 .280 614 291 4086 437 6887 7518 7 1256 7078 1888
46 1.208 <6813 289 408 436 6718 7327 1357 1138 6470 1924
47 1.299 823 287 405 436 6534 7129 1112 § 1047 5943 1819 -
48 1.291 .616 289 405 436 6171 6733 ars a0k 4542 1334
498 1.301 £28 288 403 436 8808 6342 635 801 3393 1055
S0 1.289 614 207 405 435 5082 314 274 1868 840
By a— Pt e ].xhnulb—no:‘}t
s1} 15,000 | 1.284 [ 0.618 86 0.753 466 502 7280 7383 4076 | 3670 8057 8216
52 1.288 614 1186 752 485 500 707¢% 74 3904 5580 4927 8996
53 1.288 <616 1191 760 450 495 8887 T083 3511 3178 438 5530
54 1.288 615 1194 T4 471 306 8718 805 3110 2839 3908 5084
55 1.293 +616 1lee .78 467 S02 @5 6645 2822 25833 3562 4728
56 .300 624 1182 . 783 466 502 6171 6276 20 1832 2524 3785
387 1.205 619 1187 . 755 475 511 5808 8854 1429 1219 1879 2998
58 1.301 6§25 1187 JT43 470 507 5082 5143 528 408 557 1812
59 | 35,000 l.288 480 0.558 414 448 7260_ 7834 1815 6167 2928
80 1.286 484 +5585 419 450 7079 7603 1924 | 1761 5887 2803
81 1.299 479 583 419 452 6897 7587 1784 1647 8600 2854
82 1.3038 480 » 356 418 451 6718 1688 | 1451 4910 2923
€3 1.292 481 +353 421 4535 8534 8998 1484 | 13505 44id 2306
64 1.204 480 353 421 453 8171 8609 1152 | 1026 3495 1908
&% 1.303 477 3652 421 4«54 5808 6209 824 157 2498 1819
68 1.287 479 350 422 455 5082 5428 6§61 204 | 1001
87 1.865 477 479 393 470 7269 7630 258) 2327 5534 4494
&8 1.857 478 478 394 470 7074 7440 2356 | 2234 5326 4227
89 1.870 477 AT7 395 472 60897 T255 2648 —— —— 4902
70 1.853 477 4T3 386 472 8716 T045 2023 1827 4374 3834
71 1.878 479 478 504 472 8854 1787 { 1580 5726 3572
12 1.873 474 477 594 471 8171 64 1308 1134 2680 2851
73 1.868 478 477 395 472 5608 £§093 849 T08 1678 233
T4 1.854 479 478 395 471 5082 5356 197 107 255 1382
75| 45,000 | 1.2689 280 0.213 418 447 ki THLS 1280 | 1P1E | 6884 1826 |
78 1.298 289 213 415 447 7078 7624 1240 | 1140 6440 1780
77 1.268 280 214 413 (7Y €897 7456 1161 24
78 1.283 289 .212 414 445 8718 7283 1078
79 1.303 280 215 409 441 6534 7089 282
80 1.288 289 .218 411 “2 6171 6829 718
el 1.299 287 216 410 442 S808 8296 582
a2 1.311 288 217 407 440 5082 5519 260
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Actual |Corrected | Actual | CorrectediActual | Corrected Actual Corrected Actual Corrected |Engine total-{ Engine
Jet Jet aip alr flow fuel fusl flow!specific fuel|specific fuel| exhaust-ges| exhaust—gas Fressure total=-
thrust | thrust flow [W, p/l;/oz flow Wt/ﬂz-\ﬂ; consumption | comsumption | temperature: teng.raturo ratio tempersture
’
Fya | T3,0/% | ¥a,1 {(in/aec) | Y& | (mur) | ¥e/Pn,s | ¥o/Pn,sv®2 Tg %’2 Pg/F2 ;;/‘é"
(1} (1v) (1b/sec) (1v/tr) (ib)/(nr) (lb)é(_ar) (°r) (°r) 2
(ib thrust) | (Ib thrust)
area, 367 sg In.
5630 7,756 92.15 124.31 4975 6,986 1.327 1.382 1529 1587 1.870 5.088 1
5059 5,851 8t.82 118.56 4405 6,161 1.553 1.378 1472 1525 1.749 2.938 2
€,251 85.682 115.22 3810 8,498 1.383 1.409 1408 1482 1.644 2.816 3
3568 4,928 75.89 102.45 3095 4,337 1.520 1.548 1302 1351 1.464 2.6804 4
2219 35,084 60.71 82.28 1884 2,652 1.890 1.826 1111 1153 1.176 2.222 5
as2l 7,868 58.51 120.88 2070 7,580 1.516 1.421 1476 1721 1.916 3.317 8
2077 7,041 36.78 115.80 leel 8,807 1.365 1.473 . l4lE 1648 1.785 3.178 7
1891 6,451 34.680 109.08 1659 6,088 1.382 1.470 1354 1576 1.678 5.0568 8
1451 4,945 30.8% 97.46 4,781 1.520 1.641 1242 1446 1.488 2.788 9
1107 5,772 28.00 88.42 1032 5,785 1.817 1.961 133 1519 1.300 2.540 20
4173 9,588 58.25 151.08 5205 8,016 1.518 1.387 1547 1718 1.985 3.313 11
—— —— 55.65 125.55 2840 laé —— ——— 1464 1841 1.878 3.162 12
— - 535.38 119.48 2470 6,165 ——— ——— 1391 1551 1.731 2.991 15
2754 6,510 48.14 108.352 4,896 1.409 1.481 1227 1558 1.478 2.611 14
1680 3,566 39.82 88.36 :128 2,463 2.010 2.116 §51 1053 1.088 2.028 s
1298 7,564 21.81 115.28 1315 8,148 1.488 1.624 1525 1818 1.869 5.508 16
1210 6,745 21.01 107.54 1175 7,138 1.479 1.614 1435 1708 1.733 3.291 17
938 » 1a.96 97.45 942 5,753 1.881 i, 1303 1548 1.486 2.982 18
704 3,828 17.08 87.38 179 L,'lg_l .100 2.286 1180 13389 1.32% 2.694 19
| ares 42 sq in,
§,001 108.12 145.07 S530 7,752 1.262 l1.281 1827 1573 1.935 3.030
6198 8,875 10e.%58 139.82 5150 71241 1.282 1.272 1474 1521 1.872 2.930
578% 7,978 99.94 135.72 4710 6,599 1.25¢ 1.274 1424 1470 1.791 2.831
——— —— | ——— 5 —— e | mmaae —_— —— — ————
4878 &,737 82.70 126.07 3860 5,418 1.292 1.315 1321 1363 1.820 2.626
3388 | 5,521 84 .44 115.18 3080 4,334 1.360 1.382 1219 1258 1.454 2.423
5165 4,377 76.41 104.22 2440 3,422 1.513 1.534 1133 1165 1.3C4 2.244
1826 285 81.890 84.25 1885 2,229 2.406 2.440 980 1018 1.063 1.980
3048 |10,330 47.24 147.91 280F 9,580 1.221 1.3523 1785 2.114 5.454
o 48.55 146.90 2450 9,018 1.185% 1.281 1483 1734 2.089 3.540
2814 $.6801 44.84 141.83 2275 8,330 1.168 1.280 14268 1669 2,008 3.216
2639 9,004 44.69 141.04 2118 7,800 1.188 1.282 3 1817 1.935 5.118
421 8,217 43.68 157.11 1638 7,100 1.229 1.328 13351 1556 1.851 2.998
4 6,946 40.03 125.97 1580 5,797 1.243 1.342 h¥ 1423 1.684 2.742
1599 5,454 368.04 1135.88 1250 4,808 1.581 1.482 1122 1308 1.45¢ 2.5821
865 3,275 26.79 $0.49 855 5,135 2.101 2.208 79 1142 1.164 2.200
4850 |1l,048 &4.88 146.69 3428 8,554 1.257 1.322 1507 1668 2.008 3.208
4 10,647 64 .4T 144.87 3208 7,992 l.242 1.309 1467 1 1.953 3.141
4245 10,188 82.64 142.19 2950 T440 1.235 - 1410 18567 1.889 3.018
3959 9,328 60.70 137.08 2670 6,833 1.287 1.519 1358 1484 1.780 2.877
3867 8,887 57.99 131.87 2595 5,815 l.242 1.288 1301 1413 1.65% 2.722
7,157 84.38 1855 4,634 1.348 1.424 1147 12685 1.488 2.4355
2361 5,588 49.84 112.14 1413 5,617 1.615 1.698 1030 1140 1.2687 2.196
1397 3,322 40.19 80.95 767 1,917 5.741 3.932 815 801 .959 1.734
1850 [10,490 28.2¢ 146.935 1850 10,200 1.251 1.364 1551 1843 2.148 3.549
1787 [10,070 28.13 145.46 1870 9,641 1.2% 1.362 1515 1 =10 B5.467
1705 9,693 —— ——— 1440 8,951 1.265 1.380 1452 1728 2.037 5.330
8,821 26.55 136.01 1319 8,188 l.260 1.374 138 1 1.837 3.167
1250 7,144 24.350 126.29 1098 8,776 1.567 1.492 1278 1521 1.728 2.931
1021 5,765 21.92 113.30 895 5,516 1.489 1.638 1171 1396 1.502 2.682
35,455 17.33 90.77 833 4,269 2.498 2.723 1028 1227 1.208 2.366
area, 449 sq in.
5810 | 8,006 108.21 4880 6,559 1.275 1.287 1583 1440 1.754 2.7715
5652 7.822 105.79 £470 5,504 1.258 1.278 1386 1418 1.7235 2.7132
8197 | 7,167 100.86 4045 5,712 1.275 1.303 1321 1566 2.669
47683 6,595 96 .43 3700 5,157 1.303 1.320 1270 1503 1.567 2.510
4489 6,180 94.08 3410 4,782 1.320 1.343 1222 12684 1.508 2.43%
3582 | 4,936 85.29 2680 3,727 1.452 1.477 1l29 1187 1.542 2.249
2789 5,840 76.37 2140 2,970 1.756 769 1073 1090 1.215 2.100
1692 | 2,320 62.26 1360 1,886 “ 5.589 854 256 1.018 1.842
2721 9,248 46.97 2510 8,468 1.273 1.573 1399 1828 1.932 5.137
2840 8,976 46.15 2115 7,735 1.201 1.290 1574 1584 1.888 3.053
2517 8,558 44.73 1880 7,245 1.208 1.294 1340 1557 1.828 2.96%
2318 7,857 .32 €,626 1.258 1.349 1280 1473 1.764 2.838
2126 7,239 42.859 1681 6,129 1.288 1.379 1240 1422 1.675 2.757
1783 8,073 58.20 1385 5,051 1. 1.445 1142 1310 1.510 2.52)
1432 | 4,854 35.50 1105 4,004 1.499 1.602 1055 1 1.336 2.319
841 | 2,864 28.13 753 2,738 . 2.735 916 1045 1.099 2.015
4270 |10,154 65.11 2940 7,348 1.263 1.328 1371 1515 1.816 2.917
4105 9,786 82.90 2740 8,866 1.226 1.28% 1323 1462 1.784 .815
mmom |mwe——— ————— as15 6,257 — —— 1412 705 2.718
5838 8,708 80.88 2300 5,177 1.259 1.321 £ 683 1.63% 2.625
7,835 59,52 2050 5,070 1.297 1.361 1171 1288 1.5%7 2.481
2776 6,560 54 .81 1570 5,897 1.384 1.454 1054 1168 1.3546 2.242
2198 5,202 49.65 1200 2,984 1.695 1.778 37 1031 1.171 .985
1302 35,101 40.17 £80 1,701 6.358 §5.875 783 851 .889 1.599
1755 9,835 28.26 1520 9,287 1.250 1.546 1471 1706 1.983 3.291
1680 9,490 28.04 1450 8,824 1.272 1.370 1430 1659 1.98% .
1587 8,634 27.84 8,268 1.270 1.573 1371 1603 l1.898 <0
1471 | 8,385 26.96 1245 7,678 1.293 1.397 13 1848 1.857 2.978
1416 7,927 26.58 1152 6,958 1.278 1.384 1267 1491 1.741 2.875
1126 6,401 42 950 5,856 1.431 1.551 1174 1579 1.580 2.658
928 5,268 a 794 4, 1.557 1.688 1293 1.390 48
582 14 17.38 5 627 5,818 2.798 5.040 953 « 124 2.166
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N el . - TABLE I. - Concludad. el
Run [Altitude{ Ram Flight|Tunnel statlic |Reynolds|[Equiv.lent Engine~ |Actual |[Corrected|Ideal |ActuslCorrected|Ideal a
(rt) [pressure| Mach pressure number |ambient-air inlet totellengine)| engine | net net net Jot
ratlo jnumber () index [temperature [temperature! spaed speed | thrust(thrust| thrust |thrust
Po/Po | Mo |(1%/sq rt abe){Ba/e2vTY  to,e T (rom) BT | P | Fop | Pn,e/® | Py
(°R) (°r} TPRIL - {rpm) 1 (1) | (10) | (1b) (v
" e i ST S Ry g oo - Exhguats =
83| 15,000 | 1.298 |0.822 1183 0.751 455 B0l 7260 7581 3752 | 3411 4700 8905
84 1.292 .618 1186 +750 485 500 7078 214 442 | 5100 4278 5845
85 1.298 .621 1188 - 748 488 8897 2808 38556 5185
88 1.295 .619 1187 <747 469 505 8716 6810 2789 3440 4781
87 1.500 624 1187 749 468 6534 ass2 2459 21768 2986 4404
88 1.301 825 1188 <751 468 505 €171 8257 1734 1628 2093 3506
83 1.294 .818 1184 «T43 470 506 5808 5884 121t 1061 14656 2802
90 1.298 .81% 1188 - 740 473 809 8082 5133 429 320 441 1698 R
91| 35,000 1.507 0.631 474 0.352 411 444 7250 7848 1817 1628 5566 2732 -
92 1.29¢ .619 £78 .555 412 443 1078 7887 1710 15 5268 2598
a3 1.275 600 483 . & 450 7079 7603 1692 | 1547 5315 2548
84 1.304 628 480 +38) 411 3.1 6887 469 1622 1596 4720 2625 ’
95 1.3500 <824 477 . 417 449 68716 7220 1489 1315 4479 2539
96 1.282 .607 472 350 418 449 B85534 7024 1551 1174 4046 2142
27 1.291 .618 482 358 417 449 8171 6634 8a7 3016 1792
98 1.502 826 480 .358 414 446 608 6267 ggg s28 2126 1485
99 1.510 <8354 478 359 414 47 8082 5473 N2 816 807
100 1.a78 984 &77 482 592 489 7280 76358 2311 2079 1508 £280
101 1.870 . 479 478 394 471 7079 T433 2183 | 1971 4656 4124 .
102 1.882 .896 477 480 392 470 6897 7249 0 1768 4187 3920 B
103 1.850 <981 479 473 394 470 [:x¢ 7059 1785 1 5702 3
204 1.865 .888 477 480 592 468 86354 8880 1599 1558 3708 3376
105 1. 084 478 478 5985 47} 8172 8480 1128 848 2239 27549 —
1 l.868 .989 477 478 394 471 5808 8098 891 1197 2185 =
107 1. -983 478 477 3554 470 5341 98 7 17 1503 —_—
108 | 45,000 1.288 |0.813 289 0.210 408 439 T260 7892 1183 1047 8952 1721
109 1.300 624 291 214 408 437 1079 7716 1138 1028 6756 1691
110 1.501 . 288 214 438 6887 7525 1 944 4 1627 -
111 1.288 .810 288 +209 420 45) 6716 78086 9351 798 4561 1
1l2 1.289 614 asl .213 415 448 6534 080 855 710 1555 -
115 1.296 .621 291 218 420 442 €171 8689 690 585 3282 1162
114 1.296 .821 291 .218 409 440 5508 8307 503 447 2508 935
11S 1.300 624 291 :216 415 447 5082 5473 220 140 783 574 _
1161 15,000 1.297 |[o.821 1181 0.743 487 505 7260 1576 : 2656 3670 53468
117 1.294 -61% 1183 . 781 465 800 7078 7180 2463 3408 5089
118 1.285 6819 1183 - 741 488 50% 6897 6984 2167 2993 ————
118 1.296 .819 1183 « 739 470 506 6718 6803 1805 2633 4303
120 1.295 619 « 138 472 508 66506 1623 2241 3928 -
121 1.298 . 1182 .735 472 509 a1l 8233 1168 1597 5226
122 l.298 621 1182 752 474 5, 5860 7% 2
123 1.297 | .621 1181 -750 474 511 Bosz | 5128 158 191 1328 e
124 | 35,000 | 1.2935 [0.818 479 0.560 403 440 7260 7984 1347 4601 ————
125 1.295 .619 480 -360 440 079 7688 1274 4337 435
128 1.293 .88 479 362 408 439 6897 T487 1180 4059 ———— L
127 1.297 .621 479 .358 409 441 8716 7287 1088 5689 21594
120 1.293 .818 481 569 410 44l 6554 7089 864 3280 ———
129 1.294 .619 481 «358 410 44l 8171 8698 751 1747
130 1.29¢4 .819 478 558 411 442 8808 8296 480 1643 1328
131 1.298 622 479 558 410 4“2 5082 5508 159 B4l 794
132 1.880 .985 478 -480 392 468 7280 7645 1718 4Q73 4021
133 1.861 .988 478 479 502 468 7079 T454 1560 5687 5982 =
134 l.872 .991 477 «482 391 468 6897 7263 1416 3356 3704 -
135 1.883 .886 476 481 381 469 81186 F085 1208 2899 ———— -
138 1.874 -592 477 il 472 6854 1045 2470 3188 -~
157 1.884 .887 477 480 594 472 8171 8473 862 1859 2865 -
138 1.880 .985 476 478 393 471 5808 8088 790 2054
1359 1.878 .993 478 479 335 471 5082 5356 =143 =357 1222
140} 45,000 [ 1.287 [o0.612 230 0.210 424 $58 7260 7746 828 4696 1526
141 1.293 .818 .212 420 482 7079 7582 785 4485 ———
142 1. 626 287 211 417 L} 8897 74Q7 897 35948 1.
143 1.294 <829 £89 212 415 4“7 8718 72535 707 39872 135% -
144 1.2968 .822 230 <215 413 445 68354 7087 g2 3498 1262
145 1.278 .803 289 212 414 444 8171 6871 492 2619 1054
148 1.285 .619 291 218 411 443 saos 8250 3352 1884 807
147 1.500 624 294 «221 411 443 5082 5504 80 498 523 -
148 | 80,000 l.284 0.609 224 0.l88 405 435 7280 7928 718 5266 1286
149 l.288 381 &34 <171 405 433 079 1752 6935 4981 1231
150 1.280 -805 228 .150 448 479 8716 699) 413 3474 963
151 1.300 624 222 =152 440 474 6934 60635 435 3188 872
152 1.283 .608 226 147 451 484 5808 183 547
153 1.295 .818 225 147 481 486 5082 5250 84 2 15 323
154 | 55,000 ; 1.314 [0.637 182 0.122 408 41 7079 7681 860 555 5516 984
165 1.318 .638 164 -128 405 438 6716 7314 417 4052 _
156 1.304 626 168 - & 438 7118 482 3696 785 _
187 1.295 »619 ls8 129 407 438 5808 83, 262 240 507
158 1.279 . 170 124 410 440 5082 8519 124 28 885 309
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PIXED-EXHAUST-NCZZLE DATA
Actual {Corrected| Actual | Corrected| Actual | Correctad Actual Corrected Actual Corrected |Engine total- Engine Bun
ot Jot air air fuel fuel flew|epecific fuel| specific fuel|exhaust-gas|exhaust-gas pressure to -
thrust flow M, flow |Wp/8a+/F,| comsumption | consumption |temperature]temperature ratio temperature
Fos | P50/ | Ya 1 f(in/eec) | ¥ (1b/hr) ¥t/Po,s Ne/Py, v s Te/02 Pg/Pa ratie
(1b} (1) (1b/sec) (1b/he (D)((hr) (1b)/(tw) (°r) (°r) /T2
(1b thrust) v t )
ares, 479 sq in.
8584 7,699 106.33 1435.87 4370 l.281 1.304 1308 13555 1.659 2.611 83
5203 7,180 105.84 140.60 4030 1.300 1.328 lase 1307 1.615 2.518 84
4876 €.700 101.22 137.05 5715 l.52¢ 1.544 1224 1281 1.547 2.42% 1.3
4490 6,183 87.50 152.41 35365 1.347 1.368 1189 1222 1.481 2.354 :13
4133 5,653 94.58 127.78 b-{ 1.415 1145 1179 1.412 2.272 87
3301 4,819 85.96 | 116.05 2395 1.589 1080 1050 1.265 2.099 a8
2646 5.654 77.58 105.82 1045 1.457 1005 1051 1.162 1.986 a9
1588 2,130 £€1.83 84.40 1287 4.063 08 826 598 1.784 20
2544 8,883 46.96 148.59 1.527 1282 1810 1.812 2.910 21
2424 8,306 48.45 146.83 1882 1.325 1248 464 1.757 2.817 92
2403 8,257 45,71 146.27 1855 1.288 1258 1448 1.764 2.791 93
2289 7.773 46.56 145.45 1770 1.373 1203 1431 1.708 2.718 84
2179 7.455 44.63 141.61 1620 1.527 1172 1585 1.648 2.610 25
1885 6,840 42.88 157.43 1512 1.584 1158 1316 1.591 . 26
1857 5,854 40.14 126.92 1248 1.508 1T 1210 l.428 2.352 97
1352 4,578 57.51 117.12 1030 1.769 978 1158 1.208 2.193 g8
az6 2,788 28.72 85.02 780 3.359 864 1002 1.068 1.933 38
4048 9,857 65.69 147.41 2615 1.323 1276 1413 1.701 2.731 100
3812 9,240 o 145.91 2475 1.319 1248 1544 1.649 2.645 101
5678 8,669 65.58 1e2.81 2255 5 1.340 1194 13518 1.59¢ 540 102
3561 a.023 61.02 138.88 2040 »118 1.382 1148 1269 1.531 2.443 103
533 954 39.685 4. TS 1826 4,572 1.254 7 127 1.450 2.344 104
» 14 54.71 124.19 1435 3,591 1.580 988 1080 1.274 2.098 105
112.85 1049 2,615 2.185 880 871 1.088 1.8€8 106
92.27 800 1,507 $0.14 725 798 849 1.538 107
149,10 1574 8,493 1.427 1568 1617 1.86% 5.118 108
147.90 1310 7,987 1.388 1515 1562 1.821 5.008 108
146,15 1223 7,508 1.415 l2al 2 780 2.9358 110
140.93 1101 6,751 1.480 1238 1426 1.608 2.747 Il
157.13 1020 6,210 1.551 1las 1577 1.618 2.852 112
127.81 887 S$,397 1.644 2105 1296 1.477 2.495 113
114.07 773 4,707 1.877 1038 122¢ 1.320 2.359 114
§2.85 883 5,995 5.100 542 1083 1.079 2.107 118
143.50 5780 5,278 1.438 1263
140.71 5485 4,910 l.442 1laz2 1223
156.54 5200 4,481 1.497 1145 1177
132.13 2088 4,040 1.554 1107 1158
127.46 2 3,665 1.83% 1088 1091
118,32 —— —— 1003 1025
106.45 1710 2,382 2.379 :x1: 883
65.94 1178 1,628 @.543 843 856
148.44 1802 6,685 1.453 1204 1420
147.24 1680 §,246 1.440 1174 1584
145.56 1580 5,877 1.455 i12s 1533
142.90 1480 5,470 1.483 1085 1289
138.53 13680 5,025 1.551 1C46 1231
130.65 1165 4,208 1.683 992 1168
117.92 91S 5,595 2.087 §02 1060
2. 880 2,508 4.635 aos 946
147.75 2350 5,826 1.430 1205 1536
146.29 2190 5,486 1.488 1164 1291
145.656 2030 5,067 1.510 1122 1244
138. 1813 4,807 1.555 loss 1168
154.8Q 1640 4,073 1.648 1021 1125
125.53 1245 3,078 1.973 12 1003
50.51 115.75 938 2,329 2.949 818 €02
41.30 92.84 5268 1,507 —— &85 56
27 .83 147.92 1200 7,258 1.546 1268 1440
27.86 146.66 1130 6,826 1.522 la54 1415
27.59 145.45 1057 8,425 1.628 1183 1376
26.98 141.87 1000 8,094 1.534 1158 1343
26.87 158.87 930 5,648 1.614 1109 1293
24 .51 129.80 7089 4,888 1.754 1 1209
22.18 115.10 873 4,093 2.194 37 1098
18.10 92.82 585 3,511 T.044 871 1022
22.38 150.57 988 7.998 1.518 1290 1838
22.76 148.51 253 7.458 1.508 1234 1480
19.48 37. 801 6,126 1.763 1214 1516
18.75 151.24 750 $,756 1.809 1147 1255
15.13 106.48 659 4,977 5.72T7 1027 1100
11.92 85.72 568 4,284 293.5 3L 983
16.53 151.45 654 9.213 1.670 37 1574
16.12 145.352 778 8,522 2.054 1138 1350
15.68 138.37 Téd 7,777 2.104 1126 1535
12.85 114.78 855 6,933 2.971 277 1158
8.96 8g.22 837 6,752 1.604 824 1069




TABLE I1. - COWEROL DATA

Altitude| Rem rlight 1 stetie [Remolds (Equivelent Engine- |Engine [Exhauste | Tdeal Aemial] Idesl |gctualf Alr Puel peaific | Exheumt-| Engine
fre)  |pee Maoh pressure rumber |ambidat—air [inlet total|spsad | Doixle rat | ust Jet Jrt flom f'lom Fosl [ tatal- total-
ratio |number Po indez rature [tewperatara] N projestad [thoumt thrust (thrust| ¥, LN 1on| rempara-|pressura ftenparatuse
PoPo | Mo [(ab/mq rt ave)Parevia .. T2 (rpm] | area oo Pna | For | P,a Joan/aac) ey ¥e/Pn ture | ratie ratio
(on) (°m *a fw) | (k) | 8 | ey |7 (w)/ () f Ts Po/fy | Ta/Tp
(sq In.) {1p tbruat)] (OR)
1| 18,000 | 1.300 |0.228 1183 o.757 48 800 7200 418 6B ] 4306 | a7 [ m2r [ 1082 1.878 1.953 5,084
F) 1291 818 1128 783 81 59 TEN0 “e 4a%a 3858 | esos | s108 | 105.81 1.989 1428 1.8 2,873
3 1.292 818 1185 T2 s 200 488 4014 | 3842 [ aisl | Srve | 105.51 ;gi 1.087 g& 1. 747 2,132
4 1.298 A2 1185 TS 445 T TE80 811 5380 | au7 | EE08 | 0BT | 108.80 1.50% T 1.878 2.468
] 1,908 1185 .T39 472 [0 58 2798 | 1437 3A12 9&.92 | PERS 1.578 bEE-] . 2,209
E 1.292 | .¢l8 1102 730 475 BO9 o554 835 10ux | 1807 | sare | ss03 | 92,80 82 1077 i.m8 2,118
7 1.299 | .3 1188 749 409 bos se0e [ ~=m | 86 | —-- | 2258 | 77.64 | 1580 2,548 151 1 1.482
[] 1.280 | .818 11530 731 417 815 5002 555 el 187 | 1471 | M2 | 81.E8 1#0 048 and b L. %04
] 1,284 808 1190 739 4112 07 9 536 -105 | -3 se0 | 24,30 ] e 700 058 Aase
10 1,287 12 1184 . T41 48 jile:] 5088 538 -330| -x38 | xps | 33 ) x3.TO | M — 12 1.358
14 35,000 | 1.017 [0.188 .77 0,478 “3 “s 7380 455 Basd { 1688 | 2mps | X067 | 38.48 1.008 1585 2.110 3.817
12 1.020 | ,mw 478 1278 sl 44 T80 55 040 | 1088 2088 | 3. | 207 1.0% 1588 2.101 3.508 k
15 1.014 Ml 78 278 r “i 7800 476 1810 | 1881 | 1978 | 1844 | 38,46 [ 1 1.2 108 1,004 5,171
i 1.01! . g 78 20 141 M43 a8 A35 1560 | 1398 | 1748 | 13B4 8,78 | 13l0 1.0 1a8l 1.3 2.7 I
1 018 . w78 290 440 442 k] 538 LA | 134T | 1885 | 1E29 | 38.57 | 148G 1.080 1217 1.708 2.763 ]
is 1.3{9 . 478 g g 0 87, 535, 1547|3151 | Mas | 1337 | sS850 | iz 4,131 1358 1.834 2508 i
17 1.019 bk My ] ST 0 T 1008 | 1197 | woB | 150w | e.es | Lee@ im 110 1,873 2.558
18 i.om 1 .173 Iy o9 P 438 8 556 o00f 707 | w60 | wor | 20,00 | 938 1520 1094 1,342 2,338 i
19 1.022 | 378 Y 284 457 0 2008 556 472) 154 | bBes | %0 S0 | T 1.028 i .13 2,208
20 100 | 178 478 .28 457 o 3pas 538 W0k 1) 200 | 281 | M3 | o 4,583 1085 1.088 2,489
2l 1.08 178 478 288 437 0 5830 538 e 124 | 188 | 1w | 12,87 | 120 5.871 162 1.0%8 2,505 -.
22 1.029 | .18 479 (287 437 “p 5008 ) oL} 100 182 | 10.33 | es3 8.850 N 1.08% 2,588
23 1.880 3 LR uT? 4350 41 “s TR0 38 aes ﬁ 2085 4878 | 2615 1.208 ] P.1Mk B9l
H 1,285 ' ka3 418 2381 411 445 7 196 2pd8 [ 2188 66 [ 3029 | 44,75 [ 1S 1.211 340 2.138 5,478
P 1,308 N 478 380 410 e 728 (57 2002| 189} { 2953 [ #912 | 47.48 | 2220 1.174 400 1.548 5.167 7
b4 1,301 E2S 479 S0 410 ~“e 485 1979 | —— |- 38394 } -—- 41.48 | 2220 —————— 1578 1.938 5.118 il
a7 1,282 6 .2 5860 410 - 510 | 16W [ lgse | 2677 | a4l | 7,81 | 2809 1,258 1082 1.742 2.582 H
28 1.000 | .83 L7 380 92 “s 70T 535 1451 | 1336 | as3é | w45 | 47.10 [ 1113 1,202 77 1.655 R.E57
20 1,297 RE1 478 S8 B o 445 £71 5z8 a4l 1us7 b & Nz | .88 | 106 1,338 3 1.564 2,490
304 1,301 s 480 p 4l 536 1143 [11gac |- 1608 | 1005 | 4,80 [l 14a WS i.n2 2.458
31 1.322 | .58 475 B o9 e 535 —| 53| —-- {1877 oo | 1.1% 882 1.208 2.178 :
b 1.500 633 478 . 408 1 5038 555 -—— M| - 5 29,98 | +.100 a8l 1.02%
33 1.238 § .&21 477 550 Qg Hd k] ) S5 fi =14 ) oSm | 378 | 20,14 |} sil m———— Tt 878
34 1,m0 [ . Y 580 410 s 535 -ur[-ae8 | 171 [ 150 | 18,m1 ; meeem &7 LTE
38 1.568 § 98l 490 '“3 390 465 , ; 114 3008 |(am0e 5 o088 P 48B4 | G3.5¢ | 1,005 1820 2.048
38 1.5% § .04 4TE 584 #T1 72 414 2278 2305 625 | 24,58 rmun 1.9205 1=20 2.087
37 .52 I 582 480 A2 e AT8 72 4w 2387 3814 |saea [ &4,B8 | 2978 1.26% 1396 . || 1.855
38 1.832 .82 478 ATQ [ B8 478 4% 2154 1m0 | 4108 | 3680 G4k hEeds B 1.284 1.5882
9 1.843 978 | . od ; 598 aTL | 7074 535 |:usu TAS |82 L 84,08 :ﬁ 1 1.58% 115 1.550
40 % 982 | 478 o+ 395 471 8714 sEx L8, sc39 f @1 1484 1080 1421
Erea Fooom L e -+ - £71 . oy, 555 1519 §i048-% 5075 F 0L & 50,20 Jigsl 1, 5a8 1000 1.5
. a7 ) ATR £ 470 ﬁ 335 83| 2781 IMp f1M2 | 40,81 F 523 ) %55 0 1.004
1.888 Pi.oes 79 4B N . 5o 478 536 250170 § 1125 Aaos b a0y Noem- —— 880 T
45,000 [ 1.292 [0.418 0.006 A08 438 7280 5 1500 2074 | 1938 | 1e18 | 22.80 [ 1e40 1.287 1504 2.1
1,288 .61 200 . 407 a3y 1260 435 1401 | 1310 | 18D | 1840 28,72 L1 [ 1.28¢ fS. k-] 2.1
| 1384 .50 P 221 w0 420 7 67 1S | 1141 | 1788 | 1879 | 28.70 [ 245 1,486 1568 1,985
1. o3 209 210 ] o9 7 480 1185 | 1047 | 1721 | 1365 | as.s2 | 374 1.318  |' 13a5 1.085
, 33 .Bl9 26 . 04 437 7260 528 2087 970 | 1802 § 1413 | Re,71 i 1384 | 1a=g 1.750
i 1.242 807 =3 212 412 “p 079 558 &0 | 1822 2t.24 [0 | 130 . | imig 1.49
P 1,485 ~508 %1 212 411 adl 718 &34 ME| 750} 1372 8 22.48 F XI.570 - 1153 .68
1.2 d 1] l:] “Ho [ o] 6348 a0 6wl | A 1189 g.ll " 928 1 *edld 1082 &511
| 1.%78 . 251 R18 <13 4l s808 B35 400 ¥13 ais ™1 43 8T8 | &80 F 438 l.223
1.302 528 289 L2 107 5B 5082 535 amL) 150 | sow | o475 | 17,93 4,562 a8 1.086
60,000 | 1.294 [0.29 =3 0,128 [ 38 T280 e ez | 2008 | 1e09 | lan | 20.88 | 1240 1.288 1858 £.098
1.501 ) 222 .58 403 438 250 7 lom| se7 1414 | 22,53 | 1be2 1.9 1522 2,068
1.200 | .83 £83 .1ea w03 437 7280 IS 1067 [ 1004 | lame | 1431 | e2.33 | 1@ 1.227 1502 2.081
1.270 | .6 227 .187 05 3 7280 483 985 | D80 | 1375 g.a 12 1.5 15p4 1.911
1,884 m s W6 436 Tast 858 ada| ‘ns 3 38 | #68 .00 1290 1.785
1.208 o 254 17 405 "o o0 535 dig| eo8 | 1381 [ 1 $2.78 5% 1.37% 134 1.712
1.200 | .s0S 25 150 e 479 5718 3% o ] 1945 | sl tm 1214 1.498
1.30 | 424 222 162 474 8554 &35 99 4%8 | @2 18,73 | 10 724 147 1.4&1
1.203 | .e08 a2¢ 47 481 I 5804 A3E 280 185 o547 | 480 | 15.11 | es8 %.801 1027 189
&5, 1.9%5 | 419 S0 47 451 488 5042 534 84 2] 3e5 | sy | 11,82 | & 84,0 1 NI
84 55,000 | 1.808 |0.635 188 Q.108 410 43 7060 481 817| 788 | 1145 18.81 | 1088 1.411 1534 2.082
85, 1-g88 | .sel ie8 Jda 414 7240 488 eas | 787 | 119 | 1058 | 18,48 | 1080 . 154¢ 2.134
&8 1384 8T 161 122 a3 7200 AT 780( 693 | 1R 18, 1002 1.4ek 1517 1.990
&7 1.2 | .s28 185 J2e 411 “s 720 LE7 sga| 91| ses | o) | 18.57 | o8 1.583 1548 198
68, 1.514 537 182 122 41 R 535 se0| 855 oms | ®5 £.55 | a5t 1.859 1537 1.813
89| 1.518 .638 164 Bt 406 438 o718 EXE Ba5 | 417 | oS8 .12 | ™ 1,868 1138 1.847
0| 1.504 828 169 150 408 435 S8k 838 482 | 45 8 1) 18,49 Toe 1.952 nas 1.5
71 1,206 | .19 188 128 107 438 5808 535 eoe| 40| BO7 | 425 | 1288 | 35 2.T20 917 1.215
7% 127 | .60 170 124 [AT] “o 082 535 2| 81| s o6 9.98 | 837 7.000 L) 1,071
| I i i ! ]
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Figure 1, - View looking downéiream of inlet of prototypé J40-WE-8 turbojet engine.
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Component
SBtetion 1

Alr flow

A 4

Inlst-alr duct Camprapacr Combustor Turbine
2 3 4 5 6
Station Location Total =~ gtatic- Wall static-| Thermo-
preceure | pressurs | pressure couplea
tubes tuhes orifices
1 Inlot-alr duct 29 12 6 10
2 Fngine Inlet 18 0 4 0
3 Campressor inlet 25 ] 7 0
4 Compressor outilst 18 0 3 6
5 Turbine inlet 5 0 0 10
6 Turbine outlet 20 ] 8 24
1 Exhaust-nozzle lnlet 18 2 a8 0

A gonie fiow probes

2733 .

CD-ETBZ

Flgure 3. ~ Top view of prototype J40-WE-B turbojet-englne ingtallation showing statlona at

vhich instrumentation was Installed,
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Corrected air flow, Wy, 1+/85/65, 1b/sec
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Altitude
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(a) Corrected air flow; exhaust-niozzle area, 421 square inches.
i Z AvAPN
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e
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4800 5200 5640 " 8000 6400 . 7200 © 7600 8000

o aaﬂ.o_. .
Corrected engine speed, N/+/F5, rpm

(b) Corrected air flow; exhaust-nozzle area, 535 square inches.

NACA RM ES52ZK10

Filgure 4. - Effect of altitude on corrected engine performance at flight Mach number of 0.62.
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~ (e) Corrected fuel flow; exhaust-nozzle area, £21 squere inches.
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5000 —Z o]
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Corrected engine speed, N/+/85, rpm

(d) Corrected fuel flow; exhaust-nozzle area, 535 square inches.

Figure 4. - Continued. Effect of altlitude on corrected engine performance at flight Mach
number of 0.82.
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/Fn,sv85, 1b/(hr)(1b thrust)

’

Corrected specific fuel consumption (based on net thrust), W

CA—— NACA RM
2.8
1N\
\\\ Altitude
}1 (re)
\ \ 15,000
35,000
2.0 \ 45,000
NEB & B8
X \ )
\ \\0
1.6 ™
. \ \
PO~ 7 T '<>‘-—AC>-——<>—
I — =0 3552‘43
1.2 (e) Corrected spdeific fuel consumpbtlion; exhaust-nozzle
aree, 421 square inches.
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\‘\\ A R\
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' D e R A
1.2 |E !
5200 5600 . BOOQ 6400 6800 . 7200 ’ 7600 8000

Corrected engine speed, N+/F5, rpm

(f) Corrected specific fuel consumption; exhaust-nozzle
aresa, 535 square inches.

Figure 4. - Continued.

E5ZK10

Effect of altitude on corrected engine performance gt flight
Mach number of 0.62.
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(g) Corrected exhaust-gas temperature; exhaust-nozzle area, 421 square inches.
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Corrected exhaust-gas temperature, T5/92, OR
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Corrected englne speed, N/+/F5, rpm

(h) Corrected exhaust-gas temperature; exhaust-nozzle area, 535 square inches.

Figure 4. - Continued. Effect of altitude on corrected engine performance at rlight Mach
number of 0.62.
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Filgure 4. - Continued.
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Corrected engine speed, N/+/T5, rpm

(1) Corrected net thrust: exhaust-nozzle area, 421 aquare inches.

number of 0.62.

Effect of altitude on corrected engine performance at & flight Mach

.
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(J) Corrected net thrust; exhaust-nozzle area, 535 square inches.

Flgure 4. - Concluded. Effect of sltitude on corrected engine performance at e flight Mach
number of 0.62.
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Exhaust-gas temperature, Tg, °r

NACA RM ESZK10

Exhaust-gas temperature giving limiting
turbine-inlet bulk temperature \

16800 450(1
4000 \‘.
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(a) Altitude, 15,000 feet; fiight Mach number, 0.62; equivelent inlet-
alr temperature, 468° R.

Figure 5. - Engine performance maps.
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Figure 5. - Continued. Engine performance maps.
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Figure 5. - Continued. Engine performence maps.
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Figure 11. - Continued.
obtained by calculation from pumping characteristics.
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